The detection and analysis of land use changes in the urban environment is an important issue in planning. Remote sensing and geographic information systems are considered as the most efficient techniques for this type of studies. These techniques had been applied to investigate the effects of urbanization on fertile lands and to quantify urban growth of Amman area. Five land covers were identified in space and time using aerial photographs, LANDSAT and IKONOS images acquired at different dates. The study showed that the urban area was increased by 162 km 2 over the period 1918-2002, which represents 509 times the original urban area. The fertile lands decreased by 86 km 2 , which represents 23% of loss. Moreover, the urban expansion over 1918-2002 was analyzed and its impacts on the Amman area environment were assessed. The results of our study were compared to other similar studies for Istanbul and Bangkok. The comparison showed that Amman has the largest percent annual rate of urban expansion.
Introduction
Several decades of population explosion and accelerating urban growth have had profound environmental and socioeconomic impacts felt in both developing and developed countries alike ͑Leao et al. 2004; Longley 2002͒ . Understanding the growth and change brought on by urbanization is critical to those who study urban dynamics and those who must manage resources and provide services in these rapidly changing environments ͑Sanchez 2004; Chen 2002; Aysan et al. 1997; Wright 1996; Clark and Jantz 1995͒. Urbanization in Jordan is the result of a rapid population increase caused by a mass immigration and a flow of refugees. This essentially unplanned and therefore uncontrolled urbanization results in the destruction of green areas and water resources. Conventional surveying and mapping methods cannot deliver the necessary information in a timely and cost-effective manner. Remote sensing ͑RS͒ and geographic information systems ͑GIS͒, given their cost effectiveness and technological soundness, are increasingly being used to develop useful sources of information and to support decision making in connection with a wide array of urban applications ͑Lo and Yang 2002; Souleyrette and Anderson 1998; Cowen and Jensen 1998͒ . Satellite images are potentially useful source of land cover information. Further, they can be used to identify and map urban land cover with a fine spatial resolution ͑Tapiador and Casanova 2003; , Madhavan et al. 2001 Ridd and Liu 1998; Jensen 1996͒. RS Assyrian, Persian, Greek, Roman, Byzantine, and Arab civilizations ͑Laveau 1996͒. During the last century, Amman had offered a safe heaven for immigrants from the neighboring countries at war. Amman is located at 32°N and 36°E and has a Mediterranean climate; it is situated in the mountain heights plateau of Jordan and limited by the desert from the East and South with an elevation ranging from 400 to 1,000 m above sea level. Before urbanization, the northern and western parts of Amman area were considered as fertile lands suitable for cereals cultivation with a production enough to subsidize the needs of the central part of Jordan. Amman population was approximately 5,000 inhabitants in 1918 and has increased approximately 400 times in less than a century. The huge increase in population created many planning and environmental problems. Consequently planned and unplanned housing is increasing whereas green areas are decreasing. Monitoring Amman area growth will enable us to better understand and manage this complex urban area. RS and GIS techniques will be applied in this study for land use change detection. Aerial photographs, LANDSAT, SPOT, and IKONOS images for different dates will be used to quantify the urban growth of Amman area and its environmental impact.
Methodology
The adopted methodology in this study is illustrated by the flowchart shown in Fig. 2 . The main steps of this methodology are: ͑1͒ Geographical analysis; ͑2͒ satellite images, aerial photographs and ancillary data acquisition; ͑3͒ land use mapping using digital image processing system; and ͑4͒ data analysis and interpretation using GIS. 
Geographical Analysis
An intensive geographical study was conducted through the existing and available bibliography. It included a description of physical conditions like climate, topography, soil, and vegetation. The study focuses on urbanization encroachment, population/ demography, and agricultural aspects of the area.
Data Collection
Different types of data were used for this research: ͑1͒ Aerial photographs taken in 1918 and 1953 , ͑2͒ LANDSAT images 1983 , ͑3͒ SPOT image 2002, ͑4͒ IKONOS images 2002, ͑5͒ topographic and administrative boundaries maps, and finally ͑6͒ ground control points.
Image Rectification
Remotely sensed data acquired at different dates, by different satellite sensors were rectified geometrically, along with the topographic maps into the same Jordan transverse mercator coordinate system.
Classification
A subpixel classification for rendering the effect of mixed pixels was established for LANDSAT images acquired in 1983, 1996, and 2002 . At the beginning, the number of classes was 16. These classes were then reduced to three principle classes, which are urban areas, fertile lands, and unoccupied areas. The aerial photographs taken in 1918 and 1953 were used to obtain the land covers for these years. The classification was based on photograph interpretation and cartographic maps of 1945 using GIS software. The results of classification were checked out using maps, aerial photographs, SPOT and IKONOS images, and ground surveys.
Statistical Inventory
The three classes produced by classification for different dates were transformed to vector polygon layers using remote sensing software. Then, the vector layers were used by GIS software to calculate the areas of different polygons and to store them as attribute data in the database. Statistical analyses were performed to calculate the increase and decrease in area of a specific class and period. 
Results and Discussion
Our study emphasizes the efficiency of RS and GIS techniques in detecting land use changes in Amman area over an extended period of time ͑84 years͒. Due to the scarcity of data for the previous periods, remotely sensed data were an excellent and important source of data which enabled the extraction of the land covers at different periods and the estimation of the annual rate of the urban expansion. RS and GIS technologies allowed carrying out the study easily, in a short time and with little expenses.
The land covers of Amman area ͑Fig. 3͒ were obtained from old aerial photographs for the years 1918 and 1957 and LAND-SAT images for the years 1983, 1996, and 2002. The first two land covers indicate that the urbanization in 1918 and 1953 was mainly oriented toward the unoccupied area, while this urbanization expanded in 1983, 1996, and 2002 toward the agricultural lands ͑Fig. 4͒. The area of each class of each land cover was calculated using GIS ͑Table 1͒. The results show an increase in the urban area from 0.3214 to 162.9243 km 2 during the study period. This increase represents 509 times the area of the old city. This important urban expansion could be explained by the important increase in the population ͑400 times of the original population͒. Table 1 shows as well, a decrease in the fertile lands from 383.8565 to 297.4132 km 2 , which represents a loss of 23% of this area. Table 2 presents the land use changes ͑km 2 ͒ over the periods of 1918-1953, 1953-1983, 1983-1996, and 1996-2002 and presents as well, the percentage of changes. Extraordinary urban expansions were observed and analyzed during the mentioned periods as follows: 1. For the period of 1918-1953: The urban expansion is estimated at 4.123 km 2 , which represents an increase of 1,284% due to the first Palestinian immigration to Jordan in 1948 and the adoption of Amman as the capital of Jordan. The expansion was contained in the valley area and started to take the direction of Zarqa city, which is located at 25 km to the East of Amman, house the army and some industry. The road which connects the two cities was one of the major roads in Jordan. 2. For the period of 1953-1983: The urban expansion is estimated at 101 km 2 , which represents an increase of 2,277% is due to the second immigration of Palestinians to Jordan in 1967. Two major axes and an area of expansion appear clearly. The first axis is oriented toward the northeast direction and follows the road to Zarqa. The other axis is oriented toward the northwest direction and follows the road to Jerash and Irbed cities. A new area of urban expansion in the west direction of Amman ͑Biader Wadi Alsir͒ was growing over the fertile lands to create industrial and commercial part of the city. 3. For the period of 1983-1996: The urban expansion is about 45 km 2 , which represents a growth of 43% is due to the Gulf war in 1991. A lot of refugees from Jordanian and Palestinian origins came back from Kuwait and Iraq and settled in the Amman area. The urban expansion over the fertile lands was 1918-1953 1953-1983 1983-1996 1996-2002 Class name twice more than the urban expansion over the unoccupied lands ͑Fig. 5͒. Fig. 5 shows as well, that the loss of fertile lands before 1953 was negligible ͑0.264 km 2 ͒, and became very important ͑86 km 2 ͒, during the last 50 years. More urban growth was noticed in the city and around the previous axes in addition to a new axis oriented toward the southeast direction. This axis as well follows a major road and connects the new airport. Once again the fertile lands around the airport road started to provide a new heaven for single family housing and universities. The unusual urban growth during this period was due to the third immigration after the gulf war. 4. For the period of 1996-2002: More and more growth can be noticed around the city and the previously mentioned axes due to the Iraq war. We conclude from the analysis that the expansion of Amman over the years was oriented by the major roads that connect the major cities and it always expanded over the agricultural land. If the urban expansion continues at this rate in Amman area, the fertile lands will disappear by the middle of the next century. A reduction in fertile lands has vastly unknown consequences for biological diversity, but it translates to less available energy for the species that make up Earth's complex food web. The loss of highly fertile lands for farming also puts pressure on other means to meet the food and fiber needs of an increasing population. The fast growing of population created new problems to Amman city. It is suffering from traffic jams, air pollution, and severe water shortages. Such severe water shortages had forced the government to impose a rationing program, whereby domestic supply is pumped twice a week during summer months. Urbanization is not always a bad thing. It is a very useful way for societies to get together and share resources. But it would be better if it were planned in conjunction with other environmental factors.
Conclusion
This study enabled the analysis of urbanization in Amman area over the period of 1918-2002. Five land use maps were obtained at different dates during the study period; each has three main classes. The accuracy of these land use maps was determined using aerial photographs, IKONOS images, field surveys, and topographic maps. The study showed that a great urban expansion in Amman area of 162 km 2 had occurred during the past century which led to the destruction of about 86 km 2 of fertile lands. The expansion was mainly due to the immigration of people from neighboring countries at war. Our results showed that Amman has an important annual rate of urban expansion compared to other cities known for their excessive expansion.
This study shows that urbanization in Amman follows the major roads and the fertile lands; for easier transportation and lower price of land. We recommend that the planning of urbanization in Amman to be in conjunction with the protection of the precious fertile lands around the city. We recommend as well, the improvement of the other lands, to make it suitable for urbanization while keeping in mind the economical factors. This type of analysis could be applied to all cities in Jordan to find out the pattern of urbanization. We need such studies for better decisionmaking and planning. This will help as well in avoiding the expansion in the wrong directions, constructing in the hazardous sites and protecting the fertile lands 
